Rotating hinge knee prostheses have been developed as an advancement of the fixed hinge models. Some authors suggest that this type of prosthesis is associated with a greater risk of aseptic loosening because of the increased stresses to the boneprosthesis interface; therefore, they are scarcely used as primary implants. The current authors evaluated of a series of 98 rotating hinge knee arthroplasties Endo-Modell (Waldemar LINK GmbH and Co, Hamburg, Germany) implanted for knee osteoarthritis.
Figure:
Photograph of a 71-year-old woman with knee arthritis showing the trial implant of the femoral component (a) after the bony resections (b) and before the implantation of the prosthesis (cemented). Any remaining medial and lateral collateral ligaments from the condyles of the femur were released. R otating hinge knee arthroplasty implants were developed in the 1970s as an advancement of the fixed hinge models. They combine the flexion-extension movement with the rotation of the polyethylene liner on the tibial plateau, thereby allowing a more physiological pattern of movement and reduced stress transfer to the boneprosthesis interface compared with the fixed models. 1, 2 At the time of their development, such implants were conceived as being for primary and for revision surgery. [1] [2] [3] [4] [5] Because the hinge may cause increased stresses transmitted to the boneimplant interface, fixation with femoral and tibial stems is necessary. 6 Some authors suggested that the hinged prosthesis would be associated with a greater risk of aseptic loosening because of the increased stresses to the bone-prosthesis interface. 6, 7 Other concerns about this type of implant regard stem cementation, ruptures of the implant, and kinematics. 1, 2, [8] [9] [10] For these reasons, the literature suggests using rotating hinged prosthesis as a primary TKA only in patients with a serious laxity of the collateral ligaments or severe axial deformity. 5, 6, [11] [12] [13] However, the rotating hinge Endo-Modell (Waldemar LINK GmbH and Co, Hamburg, Germany) was developed as a primary prosthesis following the principles of stability and axis given by the design and fixation given by the cemented stems.
The aim of this clinical and radiographical study was to evaluate a series of Endo-Modell rotating hinge implants when used for primary TKA in osteoarthritic knees without severe deformity or instability. The hypothesis was that the hinged implants may have good functional results, a reasonable complication rate, and acceptable survivorship.
Materials and Methods
Between 1992 and 1995, ninety-eight TKAs were performed in 84 patients (14 bilateral implants) with the rotating hinge implant Endo-Modell. The implant was used for the treatment of knee arthritis in 67 patients with mild axial defects, 21 with rheumatoid arthritis, 5 with previous tibial plateau fractures, and 5 with secondary arthritis that developed after high tibial osteotomy. Meanwhile, other condylar unconstrained implants were contemporarily used for other series with normal arthritic knees.
Prosthesis Model
The Endo-Modell was designed in 1979. The prosthesis is characterized by a metal hinge, which allows flexionextension and axial rotations and has cemented stems. The prosthesis tie is a tibial metallic hinge that lodges in a femoral site covered by an ultra-high-molecularweight polyethylene girdle approximately 2 mm thick. Two models exist: a standard model without a trochlear component and a trochlear-provided model for patients with serious patellofemoral joint degeneration. In addition, a model that has an antidislocation device is available with or without the trochlear component. The implant, as declared by the manufacturer according to the design, allows physiological rotation with control. Virtually no rotation occurs in extension. At 120° of flexion, an outer rotation of 50°, an inner rotation of 35°, and virtual flexion of up to 165° occur. 14 
Surgical Technique
All surgeries, which used either general or spinal anesthesia, were conducted with an ischemic limb using a pneumatic tourniquet (range, 240-280 mm Hg). If the operative time was longer than 100 minutes, the tourniquet was released and hemostasis was performed. In all patients, the surgical approach was the paramedial cut continuing in medial parapatellar capsulotomy. According to the original technique, a wide exposure was used. 15 In addition, the medial insertion of the patellar ligament was slightly tethered, and the patellofemoral tendon was released to evert the patella (Figure 1) . The release of the medial and lateral collateral ligament from the condyles of the femur was performed. After the bony resections, the prosthesis was implanted with a secondgeneration high-pressure cementing technique. The model with the trochlear component was used in 31 of 98 patients and the antidislocation was used in 12.
Protocols
Rehabilitation was started on postoperative day 2. All patients received an antibiotic prophylaxis approximately 1 hour preoperatively. The antithromboembolic prophylaxis was provided by lowmolecular-weight heparin for 30 days. Weight bearing started progressively after postoperative day 3 and was protected by 2 crutches for the first month.
Clinical Evaluation
The Hospital for Special Surgery Knee Score (HSS-KS) was used for the clinical evaluation. 16 Patients were clinically evaluated with random rotation preoperatively, 3 and 6 months postoperatively, and annually thereafter by the surgeons. Patients who were unable to come to the hospital because of the distance or due to their comorbidities via a telephone interview.
Radiographic Evaluation
The Knee Society Roentgenographic Evaluation System (KS-RES) was used for the radiographic evaluation. 17 All patients underwent radiological control (anteroposterior, laterolateral, and patellar axial radiographs of the knee) preoperatively and periodically postoperatively at the same time as the clinical controls. The radiographs were studied to analyze the positioning of the implant, the angle between the anatomical and mechanical axis, the presence of periprosthetic fracture, signs of loosening (progressive radiolucent lines), or the presence of areas of osteolysis. Radiolucent lines were defined as lines with a bone-cement distance greater than 2 mm and were subdivided into not progressive (present as an occasional finding around stable, well-fixed implants) and progressive (associated with a high probability of prosthesis loosening).
Clinical and Radiological Data Collection
Clinical and radiological data were collected and recorded through specifically developed forms based on the HSS-KS and on the KS-RES. Therefore, the study was a retrospective study of a prospective database.
Statistical Analysis
Quantitative data were expressed as mean6SD. Apart from individual data, such as sex and age at surgery, the statistical unit of analysis was knees undergoing TKAs. Because the statistical distribution of the clinical evaluations was nongaussian (tested by Shapiro-Wilk test), nonparametric tests (Wilcoxon matched-pairs signed-rank test) were used to compare the pre-and postoperative surgical evaluations. The time elapsed between the date of surgery and the date of revision or the date of the last clinical control were used to calculate the implant survival probability, assessed using the Kaplan-Meier product-limit estimates. 18 The Log-rank or Wilcoxon tests were used to test the statistical significance of the observed differences. All tests were 2-tailed. A P value less than .05 was considered statistically significant. All analyses were conducted using STATA version 9.2 software (Stata Corporation, College Station, Texas).
results
Among the 84 patients, 70 were women and the mean age at surgery was 69.167.4 years (range, 34-84 years). The clinical follow-up concluded in December 2009, with a mean follow-up of 174.1623.6 months (range, 156-193 months). Of the 84 patients (98 implants), 23 patients (26 implants) were lost to follow-up. Therefore, 61 patients (72 implants) ended the study; of these patients, 42 had clinical and radiographic controls at the authors' institution and the remaining 19 were evaluated via a telephone interview (being the last clinical examination no older than 5 years).
Clinical Analysis
All HSS-KS scores showed a statistically significant improvement after TKA. The preoperative total score was classified as poor (average, 64.4 points), whereas the postoperative was good (average, 82.2 points). The pain score showed a pre-to postoperative difference of 19.0 points. Range of motion increased from 88.2° to 109.5°. Table 1 shows the results of the HSS-KS questionnaire.
Early Complications
Immediate postoperative surgical complications were detected in 12 patients (of the 98 starting prostheses) and were treated without further complications. Table  2 shows the early complications and the relative treatment.
Radiographic Analysis
The radiographs of the 42 patients were analyzed after a mean follow-up of 174.1 months (range, 156-193 months). Figure  1 shows radiographs of the different models. Radiolucent lines were present in 11 patients. The lines were nonprogressive and less than 2 mm in 2 patients ( Figure  1 ). However, the radiolucent lines were progressive or more than 2 mm in the 9 remaining patients ( Figure 2) ; all of these patients had aseptic loosening: 7 were revised in a mean delay of 3.3163.54 years after the radiolucent lines appeared, but the remaining 2 were not revised. No radiographic evidence existed of polyethylene wear. Also, no radiographic evidence existed of massive osteolysis. Calcifications of the soft tissues around the quadriceps tendon were evident in 10 patients, and a single case of calcification was also present in the patellar tendon.
Implants Survival
Mean follow-up for the 72 implants was 174.1 months (range, 156-193 months), with a revision rate of 2.14 prosthesis for 100 implants-year (95% confidence interval [CI], 1.31-3.49). One year after implantation, 88.7% of patients were free of replacement (95% CI, 78.7%-94.2%), 85.9% (95%CI, 75.4%-92.2%) at 5 years, 79.8% (95%CI, 68.3%-87.5%) at 10 years, and 75.8% (95%CI, 63.3%-84.5%) at 15 years ( Figure 3 ). Prosthesis failure occurred in 18 of the 72 implants. Septic loosening occurred in 6 patients, and both prosthesis components replaced. Nonseptic failure occurred in 12 patients. Of these, 4 underwent total revision of the implant: 1 aseptic loosening of the femoral and tibial components 87 months postoperatively ( Figure 2) ; 2 dislocations ( Figure 2) ; and 1 periprosthetic femoral fracture. In the other 6 patients, the femoral component was substituted: 3 dislocations, 2 ruptures of the polyethylenic-hinge with severe instability of the implant, and 1 rupture of the femoral stem. The last 2 patients were not operated on because of poor general clinical conditions; these patients could walk with a splint, crutches, and partial weight bearing. Table 3 shows the causes of failure and the respective treatment. In addition, a rupture of the polyethylenichinge was clinically found (appreciable with moderate clinical instability in varusvalgus stress) in 4 patients but was not operated on.
The left part of Figure 3 compares the different models of the implant. The prosthesis without the antidislocation device showed a statistically significant reduction in the cumulative probability of replacement (P5.03) compared with the antidislocating implants. However, no difference appeared between the implants with or without a trochlear component (P5.30).
discussion
The long-term results of various knee surfacing prostheses are widely described in the literature. [19] [20] [21] However, few reports have been published on the long-term results with survivorship analysis of rotating hinge prostheses used exclusively as a primary implant, for a few reasons. 14, 22, 23 First, hinged implants are scarcely used for primary TKA and are used for selected indications (ie, severe instability, bone loss, or limb salvage). 5 Second, condylar constrained knee implants are usually preferred in revision surgery. 13 Among these studies, Bohm and Holy 22 evaluated a different arthroplasty compared with that of the current study. However, a recent article showed the results of the same implant (Endo-Modell) for severely affected knees, 24 whereas the current study has not such a selection of the patients. Table 4 shows a comparison of studies that report using a rotating-hinge prosthesis.
The hypothesis of this study was that the hinged implants may have good functional results, a reasonable complication rate, and acceptable survivorship. The first point was confirmed by the change in the HSS-KS from the pre-to the postoperative time. In addition, the radiographical analysis showed the ability of the implant to maintain the integration between bone and cement during follow-up.
The complications must be divided into early and late complications. The first early complications were higher than those commonly described after primary TKA: venous thrombosis, rigidity, and suffering of the surgical wound. [25] [26] [27] Reasonably, the cause can be the invasive surgery technique, which the authors used following the directions of the inventors of the implant. Although the complications were immediately treated and resolved (apparently without further effect on the results of the implant), it is not recommended to use such an invasive technique; less invasive surgical approaches are preferred to reduce bleeding, edema, swelling, and general complications.
Long-term survival rates and complications suggest some concerns. The first of these regards the dislocation of the 
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implant, which occurred in 5 patients in this series. The dislocation is difficult to reduce, and a second dislocation may further occur. Therefore, revision surgery is often necessary to implant the antidislocation model. Nevertheless, the model without the antidislocation system showed a better survival rate. Therefore, the authors recommend using the antidislocation device only in patients with proved intraoperative instability.
The second more frequent complication was rupture of the polyethylene hinge, which is often associated with sequent instability (in varus-valgus stress) and implant dislocation. In this series, rupture of the polyethylene hinge was found in 9 patients, but revision of the femoral component was only necessary in 2 patients. In the authors' opinion, revision surgery is necessary only when the rupture of the hinge causes important clinical problems, such as instability or dislocation. Therefore, rupture of the polyethylene hinge can be an issue for the use of this implant and it is common because of the weakness of the plastic girdle compared with the metallic parts. 28 Another issue concerns the cementation with long stems, which is a major factor for the immediate and long-term implant stability, as demonstrated by the low number of the patients with aseptic loosening. Moreover, the use of the wide cementation allows the compensation of severe meta-diaphyseal bone losses. However, diaphyseal cementation can be a problem in cases of revision of the implant because the complete removal of the cement can be difficult. This is particularly challenging in patients in whom it is necessary to remove every part of the cement (eg, septic loosening). According to some authors, the hinge would cause severe stress transmission to the bone-prosthesis interface with the consequence of early loosening and rupture of the materials. 6, 12 According to these results, the use of a hinged implant does not correspond with early dramatic loosening, massive failures, or ruptures for abnormal stress transfer. Nevertheless, the cumulative survivorship is lower compared with unhinged TKA with similar followup. 20, [29] [30] [31] [32] In addition, this implant is more expensive than the majority of common unhinged TKAs. Therefore, this type of technique and implant are not currently indicated for the treatment of the common arthritic knees with intact ligaments and without bone loss. However, hinged prostheses can be useful in patients with a primary implant with ligamentous instability or bone loss and, most of all, for revision surgery. 23 The advantages of the EndoModell compared with second-generation rotating hinge knees are the adaptability to the majority of the anatomic morphologies and clinical situations (eg, thin stems, deformities, and previous fractures) and the relatively easy surgical technique.
The main limitation of this study was the number of patients lost to follow-up. The age of the patients (potentially older than 90 years at the end of the study) and the their location far from the authors' institution are possible explanations. A percentage of the patients were clinically evaluated via telephone interview; therefore, it was not possible to obtain radiographs. However, telephonic evaluation has been supported by previous reports in the literature. 33 In addition, when the patients referred pain or instability during the telephonic interview, the authors recalled them for clinical and radiological evaluation at the hospital. Therefore, the assumption can be made that the radiographs of patients who were only controlled by telephone did not have radiolucent lines or signs of loosening.
conclusion
The authors used a rotating hinge for unselected primary TKA and had a high rate of early complications. The long-term results were poor compared with common standard condylar knees. Therefore, they do not recommend using this type of implant for primary joints in unselected patients. Nevertheless, an important role exists for Endo-Modell rotating hinge implants in patients undergoing primary TKA with severe bone loss, instability, and deformity and in revisions.
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